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Cytochrome bs (bs)' isolated by detergent extraction
from liver (1), has been used extensively as a model
membrane protein. The membrane-binding domain com-
prises approximately 40 amino acid residues and the
protein binds rapidly and spontaneously to lipid vesicles.
The protein contains three Trp (at 108, 109, and 112) in
the membrane-binding domain and numerous studies
have focussed on the fluorescent properties of these Trp
(1-3). In addition, Fourier-transform infrared studies
have been used to estimate the secondary structure and
depth of penetration of this domain in the bilayer (4, 5).
This protein has now been expressed in Escherichia coli
and here we describe some studies with a mutant of
rabbit liver bs where two of the Trp were replaced by
Leu so that there now is only one Trp (109) in the
membrane-binding domain (nonpolar peptide, NPP)
(Scheme I) (6).
RESULTS AND DISCUSSION
These amino acid substitutions have not produced any
gross changes in the structure of the membrane-binding
domain of the bs' Both the mutant and the native bswere
bound to a series oflipid vesicles made from 1-palmitoyl-
2(dibromostearoyl)-phosphatidylcholine, where the bro-
mines are located at different positions of the sn-2 acyl
chain (7). As shown in Fig. 1 the fluorescence quenching
versus the depth of the bromine atoms was very similar
for the two bs's, which indicates that the depths in the
membrane, of Trp 109 of the mutant bs and the
"fluorescent Trps" (6) of the native bs' are comparable.
In addition, the position of the amide I band (at 1,655
cm- I ) in the FT-IR spectrum of lipid-bound NPP is
indicative of a high content of a helix in both native and
mutant NPP (Fig. 2). However the membrane-binding
properties of the two bs's are quite different. Fig. 3 shows
the fluorescence enhancement when the mutant and
normal bsare bound to 1-palmitoyl-2-0Ieoylphosphatidyl-
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choline (POPC) small unilamellarvesicles. Three conclu-
sions can be drawn: the relative fluorescence enhance-
ment seen with the mutant bs is greater than that seen
with the native bs' This is consistent with the depth of the
single Trp 109 being somewhat greater than the average
effective depth of the fluorescent Trps in the native bs'
This agrees with the bromolipid quenching data (Fig. 1).
Second, the amount of lipid per bs needed to generate
the maximum fluorescence (that ratio of lipid to bswhich
is needed to ensure all protein is bound) is greater with
the mutant bs with the native bs' This means that, at
vesicle saturation, there will be fewer mutant bs's bound
per vesicle than normal bs's bound per vesicle. Thirdly,
the smaller curvature seen with the mutant compared to
the native bs (comparing the data points to the straight
lines which indicate infinite binding affinity) shows that
the affinity of the mutant for the vesicle is less. The
second and third observations are self consistent. If the
affinity of the mutant for the vesicle is less, then
repulsion between the negatively charged polar domains
will dominate and so reduce the number of proteins
which can saturate the vesicle.
The replacement of Trp by Leu is predicted by
hydropathicity analysis (8) to increase the average hy-
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FIGURE I The relative fluorescence of bs in different brominated
lipids. The relative fluorescence is plotted versus the average depth of
bromine atoms below the head-group-hydrocarbon boundary (7). The
fluorescence of native bs (0-0) and mutant bs (e-e) is normalized
to the fluorescence in pope for each curve separately.
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dropathicity of the NPP from 0.4 to 0.6 and so increase
the affinity of the protein for lipid vesicles. This was not
seen and suggests that some subtle changes in the
conformation of the membrane-binding domain result
from the Trp-to-Leu substitutions. This different confor-
mation may result in a different interaction with the
bilayer lipids and may be reflected in the disordering
effect of this domain on the acyl chains of the bilayer.
The temperature dependence of the position of the CH2
symmetric stretching band in the infrared (Fig. 4)
suggests that native NPP has a ordering effect on the
acyl chains below the phase transition but very little
effect above the phase transition. The mutant NPP has
the same effect below the phase transition but also, after
.1 A
FIGURE 3 The fluorescence enhancement of native and mutant bs'
The proteins (1.7 110M) in buffer were mixed with aliquots of 6 mM
pope and the fluorescence at 340 nm was observed after excitation at
280 nm. Native bs (0-0) and mutant bs(e-e).
cooling, undergoes either a structural or topological
change such that it then has a large ordering effect above
the phase transition.
These results suggest that the membrane-binding
domain of bs' and perhaps other similar membrane-
anchoring domains, has an amino acid sequence which
generates a specific required secondary and tertiary
structure. Small changes in primary sequence are suffi-
cient to so alter this structure that there are profound
changes in its interaction with lipid. Because of this
sequence-structure relationship, we suggest it may be
unwise to predict the structure of the membrane-
binding domains of proteins based merely on the hydro-
phobicity of the amino acid residues.
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FIGURE 2 Infrared spectra of lipid bound native and mutant NPP in
the region of the amide I band. Infrared spectra were recorded at 32°e
and subjected to Fourier self-deconvolution as described previously
(5). Samples (0.5 mM in protein) were prepared by adding the lipid
vesicles (50 mM) to samples of the lyophilized NPP. (A) Spectra of
native (upper) and mutant (lower). (B) Deconvolved spectra of native
(upper) and mutant (lower).
FIGURE 4 Effect of native and mutant NPP on the acyl chain order.
Infrared spectra were collected as described in the legend to Fig. 2 and
the center of mass of the band at -2,850 cm-) was determined. The
samples were initially cooled from 305°K (solid symbols) and then
heated up to 3300 K (open symbols). (Triangles) DMPe alone, (squares)
with native NPP, (circles) with mutant NPP.
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